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They have inflated anthers, which probable have a bellows¬ 
like action like the long stamen of Solanum rostratunv and 
the anthers of Rhexia \ irginica. 8 Between the stvle and a 
long stamen is anofTier long stamen with an anther like those 
of the short stamens. Bees, no doubt, force the pollen out 
of this as they do from the short stamens. The style is turned 
sometimes to the right, sometimes to the left, and the flower 
itself is tinned slightly to one side or the other, so that the 
stigma touches the side of the visitor, making the flower f!eu~ 
i otribc . According to Meehan, the flowers fail to produce 
seed undei a net. Both he and Leggett 8 saw bumble-bees 

collecting the pollen, I have seen the flower visited for pollen 
by Bombus americanorum F. $ . 

nectaries .—Visitors :(on one occasion) A 
ai geredant; Sarcophaga sp. ; Anthomyia sp. ; Campto- 

neuia picta F. (Ortalida?); Coccinella sanguinea L. 

Carlinville. III. 



Fermentation of bread. 


i 


KATHERINE E. GOLDEN. 


Ferments have been known since very early times, ft 

® iave accounts of the early Egyptians using leaven to ir 
crease the liflittipsu nf Kmn j A/r_ l ■_i__ 


'Ivf S,e ^htness of bread”. Aluch has been written au 
. 30 a su P ei heial way about the fermentation of bread, an 

eie are many methods of preparing and preserving leave 
.j reaf _rn fk ,n g given in old books, but what was in the lea' 
nrnki' 1 P ro the fermentation long remained an unsolve 

YvWu m \ i i* Came the early researches into the subjec 

I'arhnn af ished tbe now well-known facts that yeast cause 

the carbon*!’ 6 alcohol to be generated from sugar, tha 

nrocl^ 7k?o° Ut ofthe bread b y the heat in baking. Th* 
deeomroi ; f * a r G >' east and su gar underwent in causing th 
nor wliefhp 10 ?! 0 ^ 16 ^ atter were not at that time understock 

nor whether there were other . 


present. 


organisms besides the yea 


the ^Lnlinr 11 / 8 ’ however, since bacteriology has receiv< 
-- o scientif ic men, the old view that yeast aloi 

1 Partof a°th i* TOrr ' Bllll VlII > 102*104. ‘ 

based upon woriT!!!!!?* * acu hy of Purdue University for the bachelor 8 

Arthur. ' u the botanical laboratory under the directionot 
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causes bread to rise has been questioned somewhat, some 


still claiming that it does 


others that it has nothing whatever 


in 


to do with the rising, while still others take a halfway course, 
that is, that yeast and bacteria acting together do the work. 

Chicandard," in 1883, presented a paper before the French 
Academy of Sciences in which he explained the fermentation 
0! bread to be the result, not of yeast, but of a special bacil¬ 
lus that develops normally in the dough, while the yeast only 
hastens the development. He claims that the most essential 
part ot the fermentation is the transformation of a part of the 
insoluble albuminoids into soluble ones. 

Laurent, 3 writing four years later, presents the same idea 
regard to the cause of the fermentation. He found in 
dough a bacterium, Bacillus panificans, as he calls it, that 
occurs in short and long rods and forms sharply defined yel¬ 
low colonies on plate-cultures. It can stand a high degree 
of heat, so high that the rods are said to be still alive under 
the crust of the bread. The spores will stand long heating 
at boiling temperature. Laurent says that this bacillus is 
responsible for the formation of carbon-dioxide, besides a 
certain amount of lactic, butyric and acetic acids. In the 
j'arm season this bacillus sometimes causes the bread to 
become slimy, so that it can be drawn out into threads. In 
^uch bread are found myriads of the organisms which change 
f it starch into ervthrodextrin, and thus bring about the slimy 

®©tamorphosis . 


ligand 


agrees in substance with the preceding views 
jn legard to bread fermentation, but he says that the bacillus 

ls , spontaneously from the albumen of the gluten, tor 

f 1 ou gh an eminent scientist and writing but six 3’ears ago, 

e )e heved in the now generally discarded theory of spon¬ 
taneous generation. 

And lastly, Marcano'* believes that the motile bacteria 
J in dough are the true cause of the fermentation. 
r j . PP°sed to the view that bacteria are the cause of the 
L„ ln » bread, we have the opinions of such men as Birn- 
— Urr ^ Arcan geli and Diinnenberger. Birnbaum* 5 thinks that 

landard, Comptes rend, 1883, p. 15S5; quoted by Diinnenberger, 1. c. and Peters 


-''hi 


^•« Acad. Roy. Sci. Belg., Vol. X, 1885, p. 765; 

c 0| ; ^ *• JR- - P* 165 ; abstract in Centralb. f, Bak. u. Paras! 

4< ^taMid°V Jahresb -» Vo1 * XIV, Pt. 1, 188*3, pp. 39*3. 397. 

4 &arca ' uml Fermentwirkung der Bakterien, 2d Ed., 1884. p, 11. 

€ ^irnb n °' CompL rend ’* xcvi, xcvii, 1883; quoted by Diinnenberger, L c. 

/ i° IQ ^^rbuch der iandwirtsehaftlichen Gewerbe. 1866, Vol. I» p. 228; quoted 


Bull. Soc. Roy. Bot. 

Parasitenk., Vol. I, 1887, p. 


enberge r l 
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the action of leaven is due solely to the presence in it oi 
common or alcoholic yeast. Arcangeli 7 also thinks veastis 
the cause of the fermentation. In every instance he found 
a bacterium, the common Bacillus subtflis. but he says thi? 

° 'ciy little concern except in facilitating the solution of 

the albuminous bodies. Diinnenbe rger 8 goes even farther 

for he claims the bacteria found in bread area 

a _ 


than this. __ __ . . o 

pollution and entirelv dispensable. 

u Then come the views of Boutroux, Fliigge and Peter 
w 3 ^ disagree with those just stated, that is, that yeastalon 
oi bacteria alone are the cause of the rising of the bread 

ie\ found other organisms besides the veast in the 
an t ey claim that these organisms assist in the rising 



Tj wi^aiiisuis assist in uic uc 

_ ou roux thinks that both yeast and bacteria assist in 


he. 


c ...«« «*»», uvlu y east ana oacterm assist n 

ermentation, while Fliigge 1 ® thinks that the bacteria may 
in le ermentation since thev are found in leaven in ove 

tniug quantities. Peters” has studied leav'en more pa 

* - * * , 1 i 1_ 


ticularlv. 


He found five different bacteria in 


it 



more or less resemblance to one another. He holds tr 

common yeast causes the alcoholic fermentation and bactei 

e acic ei mentation. But he thinks the bacteria are of se 
ondary importance. 

There are many points of difference in the opinions ji 

unaccoufllil 


that 



he 


cited, and at first thought it seems rather 
_ me ? 'V ° worked with scientific precision, as . 
su]K should arrive at such different 

p , .’ 1 erenc es can doubtless be accounted tor 1 

worked V ' C a cons ideration the fact that 

the Kuhtoff ? afferent conditions and probably looked 
i "> from u different standpoints, for though it k ( 

ieavm i* ° m their writin g s *bat nearly all of them ■ 

ent metKn'i' 3S F**«wy obtained by somewhat did 

Le uen f/^ dift erent conditions. 

either u ith ^ d °“? h ett 0ver trom one baking to anotli 

malt ThiQ 0 ' 1 !l *be addition of an extract of hop> 

is the kind of ferment that is generally useu 

this country in places distant 

f. Bak. «. Par^’iteuk^i^Vo^AT" 0 Sei * Nat- ' VoL Ix - 1888 - P- 22 ■ abstract in 
8__’ V01 - UI - p. 717. 


the old countries. 


Fliari 


4 Dunneubertrer r » ♦ X ' 1U * p> 717 ‘ 

Vol XXVI, 1888, p, 54 §. ab 0 8 : T l? tra l b -’ VoL XSXI11 p. 245; Archivder 

s Boutroux, Compt. ’rend VoL Xm - 1S88> p ‘ 140 ‘ 

»S!\?. i l Mi Dr organi * men ’ 1886 p- ST 84 by Dttnnenberger ' L c - 

run g. Inaug.-Diss. 1889 • rvf,? In . en 68 ® auerte igs und ihre Bedeutung fur die Bt 
1890, p. 75. ’ ^ • Bot Zeit - X LVII., 1889, p. 405; abstract in Jour. Roy. *** 
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markets a ferment is made from potatoes, boiled and mashed, 
with flour, salt, sugar, the water that the potatoes have been 
boiled in, and yeast. There are various other methods of 
making this ferment, but they do not differ essentially' from 
ont mother. This is sometimes called empty ings, or jug- 

yeast, and is semi-liquid, so that it differs very materialTy 
from the leaven of the old country. Of course, in towns and 
cities where a fresh supply of yeast can be obtained readily 
no such methods need be resorted to. Besides the ferments 
mentioned there are also the dry yeast cakes, that is, veast 
mixed with corn-meal, and dried, yvhich will vegetate yvhen 
moistened, and the salt-rising yvhere no ferment is added, 
the fermentation being supposed to be set up bv the organ¬ 
isms that are already in the ingredients. 

1 he experiments which I performed in order to determine 
whether the yeast or the bacteria are more instrumental in 
causmg bread to rise do not solve the question by any means, 
still they give some additional information on the subject. 

freshly made dough that had been fermented yvith Vienna 


J ***^viv viuu^n LI Jell lid LI UrCIl 1CI iflCll LCLi VViLlI V 1C IIII cl 

piessed yeast, commonly- called German yeast, and sold un¬ 
fertile name of Fleischmann’s Compressed Yeast, yvas ex¬ 
amined with the microscope and the yeast found to be 
accharomyces cerevisite, and yvith it a bacterium having the 

tyvo germs were 


c aracteristics of Bacillus subtilis. _ o _ 

separated from each other bv means of gelatine plate-cul- 
ures. A single colony of each yvas placed in flasks in equal 
quantities of a nutrient solution made according to directions 
given by Dr. Stone, 12 the proportions being 25 grams Ger¬ 
man yeast to 125 cubic centimetres distilled yvater, yvith 10 
Pei cent, sugar, boiled thoroughly, filtered, and sterilized tor 
1 lree successive days. The flasks containing the yeast and 
acteria were then placed in a vegetation chamber, kept at 

about 8 i_«A° T? -_o , .1 • i®. ,i ______ 


( 33 ° Ci). 


1 -AAA IA » VtjV.lWllV»* --7-f-- 

* out 04-86° F. (29-30° C.), this being the optimum temper- 
Ure for Bacillus subtilis, that of yeast being about 92° F. 

After vegetating for two and one-halt months they 

e ei . e * * or die amount of carbon-dioxide given oft by 
dj C * gas that had accumulated in the flasks being first 
ayvn off. The yeast gave off 23 mg. gas in one hour, 

ma j bac J. er * a 7° mg. in the same time. A second test yvas 
, r c a four days’ groyvth of each, the nrArms f° r these 

fitr S ^ e ’ n g obtained from agar cultures 
late d from the ‘ 



inocu- 


* 

original plate cultures.^ 
-term 60 mg. in an hour. 


The yeast gave off* 
In a case yvhere 


8 t one, w. E., Bot. Gazette, 1887, p. 270 . 
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teiia only io mg. in the same time. 
After each test. 


[ August. 

the sponges, made as will be shortly stated, and still in the 
flasks, were tested instead ot the inoculated fluids for the 

/.o rl.An *. I _ ■ * ■ , 

mg. 

P 

a bread sponge was made from both 
ams sterilized flour was put into a flask 
a nutrient solution, consisting of 150c.c. 
> 2 giams salt, and 8 gram" sugar. The bread 
sponges were then placed in a vegetation chamber and kept 
at uniform temperature of S4-S6 0 F. (29-30°C.), for about 
twenty-four hours. At the end of that time the veast sponge 
a lun well and uniformly, but the bacteria sponge invari* 
a v showed a separation ot the flour trom the liquid, the 

limit- rfAtniv 4-r 1-1. _ . , 1 . - - /• 1_. 


00 


and with the flour 
potato 



he 


of cleat 


liquid remaining on the surface. 

The sponges then had more flour added to them, am 
re c oujg 1 thus formed was kneaded thoroughly, and agaii 

placed m the vegetation chamber to rise, about" twenty-foul 

hours being allowed for this ; a second kneading was thei 
one, the time allowed for rising being about the same 2 

thft 1_ i* __o o . . 1 

rose 


j ... Lllt , vc»cwuon cnam 
hours being allowed for this : 
done, the time allowed for rL« UCU1 , ttUUU 
alter the first kneading. The yeast dough rose higbc 
t „. , e other in every case, but in the kneading telt Hk 
; f - ac ■ j lortening in it, lacking the touifh, elastic qu& 
„^ e r.°, dough. The bacteria dough, though not rise 

1 e , more hke dre ordinary dough, being mo 1 
tnn fbi\ 0u ^A e !’ and smelling somewhat sweeter, though i 

too, felt as It ,t contained some shortening. 

f , noa f ° U ?. 1 ' V ^ en placed in the baking-pans was ; 
to use for about six hours L r 



It was 

176° C). 


then baked at a temperatu 


80-3 


of licrhtnl ast br ^ a d m every case showed a greater degj 
was & cmr<5**’ aS lndicated by its bulk, than the other, 1 

cavities mi 111 w ex * u r e ' being filled with numerous lar 

risen InH n ft actena bread, though apparently not soy 

of laro-e rawU* * tex * ure i with but the occasional occurren 

pared flonrused in all the experiments was 

for four to sb j* ^ * n an oven two or more hours a 
* uur 10 six cl a vs. u t . . __ 



^ (I2 i-i 4 q° 

completed. 

The utensils used 


) 


''ere in all cases ster 



by h 

w 
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Though the 


and the hands of the operator washed in corrosive sublimate, 
but perfectly pure cultures were not obtained in any in¬ 
stance. 

cultures were not perfectly pure, they had 
such a very small amount of impurities in them that the results 
were almost or quite the same as would very probably hr 
obtained from pure cultures. 

The inferences drawn from these experiments are that both 
yeast (Saccharomyces cerevisiie) and bacteria (Bacillus sub- 
tilis?) separately generate carbon-dioxide in sufficient quan¬ 
tities to raise bread. The amount of gas generated is pre¬ 
sumably in direct proportion to the growth ot the organisms 
and the viscositv of the surrounding medium. From the fact 


that the bacteria-inoculated fluid gave off more carbon-diox¬ 


ide than the yeast fuid, while the bacteria sponge gave off 
less than the yeast sponge, it would indicate that the growth 
of yeast was less in the fluid than the growth of bacteria, but 
greater in the sponge, as the sponges in both cases were most 
probably of equal viscosity, as the conditions were 
as possible the same in both. 

It was demonstrated by the experiments that both yeast 
and bacteria can separately raise bread, and, under the con¬ 
ditions ot the experiments, the yeast somewhat better than 
the bacteria. Now, whether or not they act together in lais- 
ing bread ordinarily was not demonstrated, but from the fact 
that both organisms were found in large quantities in dough 
that had been raised by Fleischmann s yeast, and that bac¬ 
teria are always in the air and in large quantities on the sur¬ 
face ot the grain from which flour is made, and also that they 
occur in all preparations of yeast ferment, it seems to be the 
only satisfactory conclusion that both the bacteria and the 
} east act together in raising most if not all kinds of bieud. 

Purdue University , Lafayette, Ind. 




BRIEFER ARTICLES. 

the wild winter.— The mild weather during the past 
winter caused so many remarkable changes in the usual habits of plants, 
this locality, that I can not forbear offering a few notes for publication. 
Malva *otundifolia, Stellaria media, Alyssum maritimum, Capsella Bur- 

J^pa»tori 8 | Beilis perennis, and Lamiuni amplexicaule, continued m 

00m all winter, except about the first three weeks of March, during 
^ tch time, it was so cold as to stop vegetable growth. The cold spe 






